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Interleukin-8 (IL-8) and GROa are leukocyte-attra~t­
ing peptides of the chemokine family. To study tbe 
priming potential of these chemokines, we measured 
superoxide anion production and up-regulation Df 
N-formyl peptide receptors in human neutrophils. 
IL-8 and GROa themselves did not stimulate prod\l.c-
tion of significant amounts of superoxide anions but 
potentiated N-formyl peptide-induced superoxicle 
anion production in a concentration-dependent map-
nero Binding measurements by flow cytometry at 37 Q C 
with fluorescein-labeled N-formyl peptide revealed e:t)-
hanced total N-formyl peptide binding after pretreC;lt-
T he peptides interleukin-8 (IL-8) and GROa ~re members of the chcmokine fa mily sharin g 42% id~n­tica l amino acids [1]. They are produced by mOl"lO-cytes, fibroblasts , and ke,·atinocytes ;/1 I/;/m [1-.:3 ]. Large quantities of these peptides or their transcripts 
are found in psoriatic skin [4-10]. IL-8 and GROa act mainly on 
neutrophils, inducing chemotaxis and adhesion to endothelial c~Us 
[11 ,12]. In neutrophils, the chemokines bind to the IL-8 receptQI·s 
a and {3, inducing Ca + ... -transients, triggering fast reorganizatiol"\ of 
the actin network, and stimul ating the release of elastase as well as 
vitamin B
, 2 -binding protein [11-14]. 
Chemotactic factors, such as N-formyl peptide and CSa, in 
addition to attracting neutrophils, strongly stimula te the nicoti .o-
amide adenine dinucleotide phosphate-oxidasc-dependent prodt:tc-
tion of superoxide anions (14]. No superoxide anion production Ot" 
very low responses were reported after stimu lation of neutroplU]s 
with IL-8 and GROa [11,12,14,16,17] . Several neutrophjl stinW-
lan ts, which were unable to induce a respiratory burst on thcir ow-n, 
were able to enhance the response to a subsequent superoxioc 
anion burst-triggering stimu lus. This priming capacity was demQf1-
strated for tumor necrosis factor-a, granu locyte-macrophage cQl-
ony-stimu lating factor, and lipopolysaccharides [18-20] . Tl'1c 
mechanism of priming for superoxide anion production by th~5c 
agents has been suggested to involve translocation of receptors for 
activating ligands from intracel1ular stores to the ceU membra.tlc 
[18,19]. 
W e have studied the contribution of the chemokines IL-8 a.11 d 
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ment of neutrophils with IL-8 and GROa. Binding 
measurements performed at 4°C indicated that the 
chemokines stimulated the up-regulation of N-formyl 
peptide receptors at the cell surface but did not alter 
their affinity for the ligand. This study indicates that 
IL-8 and GROa, in addition to their known chemotac-
tic activity, prime neutrophils for superoxide anion 
production, presuntably by up-regulating the nuntber 
of receptors for strong superoxide-anion-triggering 
stimuli. KL'}' lVord: primillg. ] [livest Derlllatoi 104:789-791, 
1995 
GROa to the production of superoxide amons by ne utrophils. 
They did not elicit a respiratory burst by themselves, but they 
induced up-regulation of N-formyl peptide receptors and primed 
the cel1s for sllperoxide anion production induced by N-fonnyl 
peptide. 
MATEIUALS AND METHODS 
Material Cytochromc C and superoxide dismutasc were obtaincd from 
Sib"11a (Deisenhofen, Germany); Auorcscein-Iabeled N-fomlyl peptide (N-
forllly l-norlcu-Ieu-phe-norleu-tyr-Iys) was from Molccular Probes Ounc-
tion City. OR); rccombinant human lL-8 (72I1lcr) was /Tom DiosouTce 
(West Lake Village. CAl; recombinant GROa was purified as described 
[21]. The endotoxin concentration of chemokincs was below the detcction 
limi ts of the Limulus amoebocyte lysate assay (Sigma). 
Isolation of Nelltropltils Neutrophils wcrc harvested from hcalthy. 
nonpsoria6c subjects and isolatcd by dextran sedimentation and Percoll 
gradient centrifugation, as dcscribed prcviously [22]. Cells were washed 
tVvi ce and resuspended in IUJMI 1640 (Gibco/ BRL, Berlin. Gem"'ny) 
containing 20 mM HEPES. pH 7.4. 
Superoxide Anion Production Supcroxide anion production was mca-
surcd at 37°C as the superoxide-disl11utase-inhibitable reduction of cyto-
chromc C at 550 nM ["15] . 
N-Formyl Peptide Binding Binding was analyzed by Aow cytometry 
using Auorescein-Iabclerl N-form yl-pcptide [23 ,24]. Specific binding was 
ca lculated by subtraction of nonspecifica ll y bound Auorcsccncc (Auore"-
cence intensity in the presence of 40 mM t-butoxy-carbonyl-phe-lcu-phe-
leu-phe. an N-form yl peptide receptor blockcr) /Tom total bound Auorcs-
cencc. T he number of occupied N-fonnyl peptide reccptors was calculatcd 
using cali brated Auorescein- Iabclcd beads (Flow Cytometry Standard Cor-
poration, Research T ,;angle Park, N C) . 
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Figure 1. Concentration dependency of chemokine-induced prim-
ing. Cells were preincubated with and without the indicated concentrations 
of lL-8 (A) or GROa (8) for 5 min at 37°C . Superoxide anion production 
was measured after stimulation with and without 4 nM N-formyl peptide for 
10 min at 37°C. Data are means :': SEM (n = 3) . 
RESULTS 
IL-8 and GROa Prime Superoxide Anion Production IL-8 
and GROa at concentrations up to 20 nM failed to trigger the 
production of significant amounts of superoxide anions (Fig 1). We 
therefore analyzed whether IL-8 and GROa primed superoxide 
anion production stimulated by the strong neutrophil activator 
N-forrnyl peptide. Pretreatment of neutrophils with either IL-8 or 
GROa for 5 min potentiated N-formyl peptide-stimulated super-
oxide anion production in a dose-dependent manner (Fig 1). 
Half-maximal and. maximal priming was observed with 0.2 and 2 
nM IL-8 or GROa, respectively. The time course of chemokine 
priming is illustrated in Fig 2. Half-maximal and maximal effects 
were observed afte r 1 and 3 min of pretreatment with either 
chemokine, respectively. 
IL-8 and GROa Pretreatm.ent Enhance N-Fonnyl Peptide 
Binding Because the production of superoxide anions in neutro-
plUls is assumed to be tightly coupled to the binding rate of the 
activating ligand [25], we followed N-formyl peptide binding at 
37°C. Enhanced N-forrnyl peptide binding was observed after 
pretreatment with chemokines (Fig 3). This could result from 
either affinity changes of the receptors or an increase of expressed 
receptors at the cell surf.'1ce. To distinguish between these possibil-
ities, we perfonned N-forrnyl peptide binding experiments at 4 °C 
after pretreatment ofneutrophils with and without the chemokines . 
In agreement with previous reports, control neutrophils expressed 
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Figure 2. TiDle course of chemokine-induced priming. Cells were 
incubated with 20 nM of 1L-8 (crosses) or with 20 nM GROa (closed circles) 
for the indicated times at 37°C. Superoxide anion production was measured 
after stimulation with 4 nM N-formyl peptide for 10 min at 37°C. Data are 
mean :': SEM (n = 3). 
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Figure 3. Enhanced N-formyl peptide binding after chemokine 
pretreatment. Cells were treated with (closed circles) or without (opell 
circles) 20 nM lL-8 (A) or with and without 20 nM GROa (8) for 5 min at 
37°C. Thereafter, binding experiments with 4 nM fluorescein-labeled 
N-formyl peptide were perfomled at 37°C and specific binding was 
calculated. Data are means :': SEM (n = 3). 
about 20,000 receptors at the cell surface with one class of affinity 
as revealed by Scatchard plot (Fig 4). After IL-8 or GROa 
treatment, about 40,000 N-formyl peptide receptors were ex-
pressed at the cell surface, and the affinity was not changed. T he 
concentration dependency ofIL-8- and GROa-induced N-fotmyl 
peptide receptor up-regulation is shown in Fig 5. Half-maximal 
and maximal effects 011 N-formyl peptide receptor up-regulation 
were observed at 0.2 and 2 nM ofIL-8 or GROa, respectively. The 
time course of chemokine-induced N-formyl peptide up-regulation 
is depicted in Fig 6 . As for superoxide anion priming, half-maximal 
and maximal effects were observed after 1 and 3 rnin, respectively. 
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Figure 4. Chemokine-induced N-formyl peptide receptor up-reg-
ulation. Cells were preincubated with (closed circles) and without (opell 
circles) 20 nM 1L-8 (A) or with and without 20 nM GROcy (8) for 5 nun at 
37°C. N-formyl peptide binding was performed at 4°C and specific binding 
was calculated. blserls show these results as Scatchard plots. Data are mean 
::!: SEM (n = 3) . 
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Figure 5. Concentration dependency of chemokine-induced N-
formyl peptide receptor up-regulation. Cells were incubated with the 
indicated concentrations oflL-8 (A) and GROO' (B) for 5 min at 37°C Tbe 
number ofN-formyl peptide receptors at the cell surface was analyzed wi.ch 
binding experiments at 4°C. Data are m eans ± SEM (n = 3)_ 
DISCUSSION 
Chemotaxins such as N-fomlyl peptide or C5a attract neutrophils <IUd 
stimulate their proinftanmlatory activities [1 51- Prominent anlotJ.g 
these is the generation of superoxide arllons. The chemokines IL-8 <IUd 
GROa are strong chemotaxins, but ill IJ ;tro e"."periments with isola toed 
neutrophils have indicated that at the most they are weak activators of 
the oxidative burst [11,12,14,16,171- Studies with RNA-RNA ;11 situ 
hybridization have suggested that IL-8 transcripts are highly e"-']Jressced 
in psoriatic skin lesions, nanlely in areas showing high inflammatorY 
activity such as Kogoj pustules and MWlroe nucroabscesses [61- Here 
we have confLrmed the low potency of IL-8 and GROa to induce 
superoxide muon production, but at the smlle time we show that both 
chemokines potentiate N-foonyl peptide-induced superoxide arll<::)J1 
production. These data suggest that IL-8 and GROa not only attract 
neutrophils, but also potentiate their proinftanmlatory activity. 
It has been proposed that superoxide muon production in respon.se 
to N-formyl peptide is tightly coupled to ligand-binding rates at tbe 
cell surface [25]. Here we show enhanced N-foonyl peptide bin~g 
after chemokine pretreatment. T lus could contribute to tlle prulUt:.g 
for superoxide muon production by chemokines, as suggested by 
previous studies witll tumOr necrosis factor-a and lipopolysaccharides 
[18,19]. We also report tlmt tlle enhmlced binding was caused by 
receptor up-regulation at the cell surface mld was not due to receptut 
affinity chaJ1ges. N-formyl peptide receptors are stored preformed itl 
secondary granules [26]. In response to pruning agents such as tumut 
necrosis £1ctor-a mld lipopolysaccharides, tlley are mobilized to the 
plasma membrane [18,19]. Recently, secretion of secondary granul eS 
after stimulation of neutropllils widl IL-8 or GROa has been report~d 
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Figure 6. Time course of chemokine-illduced N-formyl peptic:lc 
up-regulation. Ncutroph.ils were incub<lted w ith 20 nM IL-8 (crosses) ~c 
20 nM GROO' (closed cil'cles) for th e indicated times at 37°C. T h e number ~f 
N-formy l peptide receptors at the ce ll su rf.1ce was analyzed with bindit.\g; 
experiments at 4°C. Data are means ± SEM (n = 3). 
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[11,12]. Thus, N-fonnyl peptide receptor up-regulation nlight be tlle 
consequence of a fusion of intracellular granules with the plasma 
membrane. 
Our study indicates that the chemokines IL-8 and GROa not 
only recruit neutrophils into sites of inflammation, but also poten-
tiate tlleir proinflammatory activity. Tins adds to the complexity of 
cell and mediator interactions in infimnmatory skin diseases. 
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